Study Design. Cross-sectional. Objectives. To determine if thoracic kyphosis was different in older women grouped based on their bone mineral density (BMD) and back extensor strength (BES), and to determine if an association between and these variables exist.
Therefore, it seems appropriate that researchers should focus on the evaluation of bone mineral density (BMD) changes and identify appropriate treatment methods especially for women.
Deformities in the osteoporotic spine develop along planes of stress and pull from the center of gravity of the body, causing a kyphotic or increased forward posture. 3, 4 Kyphosis is often associated with a round back, a stepwise decline in height, and a protuberant abdomen. 3 Thoracic kyphosis and the resultant changes in the rib cage are also known to decrease rib mobility and alter respiratory function, decreasing the lung's inspiratory and vital capacities. 4 Pronounced kyphosis of the thoracic spine is also attributed to insufficiency fractures of the affected vertebral bodies 5 and decreased back extensor strength. 6 As has been widely described by many authors, the severity of spinal osteoporosis may be determined by assessing vertebral deformities on spine radiographs [7] [8] [9] [10] or by measuring kyphosis using noninvasive toll-like goniometer, [11] [12] [13] [14] Debreuner Kyphometer, 15, 16 flexicurve ruler, 3 postural anthropometric technique, 9 or curviscope. 8 Measurement values obtained from noninvasive measurement of kyphosis by direct application of an instrument to the back are comparable with those obtained from roentgenographic evaluation. 8, 15, 16 Osteoporosis, because it is a metabolic bone disease, should not directly affect muscle strength. However, previous studies have shown that changes in BMD might be related to back extensor weakness, in healthy postmenopausal women, and patients with osteoporosis. 6, 17 Some authors postulated that a disproportionate weakness in back extensor musculature relative to body weight or flexor strength considerably increases the possibility of compressing vertebrae in the fragile osteoporotic spine. 18 -20 The aim of our study was to compare the thoracic kyphosis of osteoporotic, osteopenic, and normal BMD women, and to test whether back extensor strength (BES) or BMD influences the severity of this kyphosis. We hypothesized that as long as sufficient back extensor strength existed to stabilize the spine, spinal deformities would not be present even in the presence of decreased BMD.
Materials and Methods
Study Participants. A total of 189 female subjects 50 to 80 years of age (mean Ϯ SD, 64.7 Ϯ 8.9 years) were evaluated in this study. The height ranged from 135 to 173 cm (mean Ϯ SD, 156.7 Ϯ 6.4 cm), and the weight ranged from 43 to 120 kg (mean Ϯ SD, 71.2 Ϯ 12.7 kg).
All study participants were volunteers from a Rheumatologic Outpatient Clinic and underwent a preparticipation medical evaluation by a physician. Subjects suffering from back pain at the time of evaluation were excluded from the study. The symptoms of osteoporosis were diagnosed by the rheumatologist and confirmed by densitometric measurement The control group consisted of healthy, age-matched women who had a normal BMD without any history of back pain or spinal injury, nor were they receiving estrogen or other medications known to affect the mineral content of bone. None of these study participants had a chronic disease or any abnormality located in the spine. The control group (63 subjects with normal BMD) were subjects who visited this clinic because of: enthezopathia epicondyli lateralis humeri (n ϭ 13), enthezopathia epicondyli medialis humeri (n ϭ 3), enthesopathia Achillis (n ϭ 8), enthesopathia musculi biceps brachii (n ϭ 8), tendovaginitis stenosans deQuervaina (n ϭ 6), contractura Dupuytrena (n ϭ 16), and appendicular joint pain after injury located in the hand or in the elbow (n ϭ 9). Therefore, the conditions that brought the control subjects to the rheumatology clinic did not impact the evaluated variables (BMD, BES, thoracic kyphosis).
The subjects were grouped by their bone mass, according to the local densitometric BMD (t-score Ϫ each subject BMD compared with the mean value BMD in young adult population) measurement:
Group 1 (OP)o steoporotic, t-score is equal or more than 2.5 SD below the mean value of young adults; Group 2 (OST)o steopenic, t-score is between 1 and 2.5 SD below the mean value of young adults; Group 3 (normal BMD)t -score is equal or less than 1 SD below the mean value of young adults.
Additionally the subjects were grouped by their BES, according to dynamometric measurement:
Group 1 (weak)B ES Ͻ ϭ 35 N; Group 2 (moderate)B ES Ͼ 35 N and Ͻ ϭ 60 N; Group 3 (strong)B ES Ͼ 60 N. All women completed a written informed consent before inclusion in the study. None of the women was involved in any specific athletic activities, such as regular sport training. Each group had varied occupational backgrounds, such as farming, teaching, nursing, and secretarial work. All study participants were involved in normal activities of daily living according to their age range. Local Ethical Committee approval was obtained for this study.
Study Protocol
Measurement of Thoracic Kyphosis. The measurement of kyphosis was performed by trained clinic personnel in strict accordance with a standard protocol. The C7 spinous process was located by having the subject bend her head down and palpating the first prominence at the lower end of the neck; it was marked with a dot made with a pen. The T12 spinous process was identified by palpating and counting 12 prominences on the spine caudally under C7 and marked with a dot made with a pen. After the spinous process was located and marked, the subject was asked to relax and stand in their usual posture with arms swinging gently at the sides. Each subject was instructed to stand without shoes on and with weight equally distributed on both feet. With the examiner standing facing the side of the subject, the goniometer Medicino (Kuntovä line Oy, Finland) was placed on the spine so that the feet were directly over the C7 spinous process. At this position, a protractor was placed in neutral position (0°). Then the goniometer was replaced on the T12 spinous process. Degrees of kyphosis were read directly from the protractor scale of the goniometer. 16 The measurement was repeated twice and then recorded. If the two measurements differed by more than 5°, they were both repeated, and the second set of measurements were recorded.
The severity of spinal osteoporosis may be determined by assessing vertebral deformities on spine radiographs [7] [8] [9] [10] or by measuring kyphosis using noninvasive toll-like goniometer. [11] [12] [13] [14] Leroux et al 9 have reported very good correlation (r ϭ 0.97) for kyphosis assessed by noninvasive measurement when compared with roentgenographic results. Saur et al 10 assessed lumbar range of motion showed a very good correlation (r ϭ 0.93) between noninvasive measurement and radiologic evaluation. Salisbury and Porter 21 reported a good correlation between use of goniometer and flexicurve ruler measurements r ϭ 0.94 for flexion and r ϭ 0.92 for extension. Furthermore, Tillotson and Burton 22 reported a strong correlation between the flexicurve ruler and roentgenographs (r ϭ 0.93). Tousignant et al 23 assessed cervical range of motion using goniometer versus the radiographic method. They have reported very good correlation between the two measurements (flexion r ϭ 0.97, P Ͻ 0.001; extension r ϭ 0.98, P Ͻ 0.001). In the absence of any direct validation studies, these comparisons of technique studies were used to justify the use of the goniometer as an appropriate tool to measure thoracic kyphosis.
Muscle Strength Testing. The maximal isometric strength of the back extensors was measured in each subject with an isometric dynamometer microFET2 (Hoggan Health Industries). It records maximal effort with the subject in the sitting position, allows accurate measurement of BES without discomfort, and poses minimal risk of injury to even a severely disfigured spine. 20, 24 Subjects were instructed to sit with the hips and knees flexed to 90°with arms crossed on the chest. No immobilizing straps were necessary with proper placement of the padded transducer head. Its upper edge was aligned with the superior borders of the scapulas across the midline. In cases of increased dorsal kyphosis, the transducer pad, which was the area of contact for application of force, could be positioned to contour to spine deformities. BES was measured strictly isometrically; therefore, range of motion did not affect strength. 20, 25 Direct contact between the upper trunk and the transducer head was maintained for 5 seconds. The force generated was processed by an electronic measuring device and converted to a digital display. The patient was allowed one warm-up trial followed by three successive maximal effort trials separated by 60-second rest periods. The maximal force of the three trials attempted was selected and documented. 20, 25 The subjects were given verbal encouragement during each effort. All evaluations were performed with a standardized procedure. The dynamometer was calibrated on a monthly basis with known weights to ensure the consistency of linear responses.
One examiner, who had no knowledge of the group compositions, evaluated all subjects. Throughout the study, the use of a dynamometer for the measurement of BES is considered as a safe and reliable (coefficient of variation ϭ 2.33%) method of evaluation.
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Measurement of Bone Mineral Density. The BMD (g/cm 2 ) of the lumbar spine, femoral neck, trochanter, and Ward's triangle (on the nondominant site) was measured with dual-energy radiograph absorptiometry (DEXA) with a Lunar DPX instru-ment (General Electric Medical Systems). 3, 26 The gold standard remains the DEXA of the spine in the young and early postmenopausal patient, and the DEXA of the total hip in the elderly patient. 2, 27, 28 The wide variation among different skeletal sites in relation to T-scores and age can be attributed to differences in the rate of aging bone loss.
2,28 Therefore, sites with slow age-related bone loss (like the hip) can underestimate the abnormalities and sites with fast bone loss (like the spine) will overestimate it.
2,27 Therefore, assessment of the hip in the individuals under 65 years of age may cause misdiagnosis, so the DEXA scan obtained from spine is more appropriate. Contrary in subjects at the age of 65 and older, the hip was used to negate effects on BMD from, i.e., osteophytes. We evaluated the BMD both at the hip (neck) and the lumbar spine (L2-L4) in each subject. In strict accordance to medical guidelines, 2,27,28 people of 65 years of age or older (92 subjects) are evaluated mainly at the hip and the measurement of the spine was used only for comparison and confirmation of the diagnosis. In subjects under 65 years of age (97 subjects), the lumbar spine was primarily evaluated. If the BMD in the lumbar spine was higher than that found in the hip, the hip measurement was considered. Reproducibility expressed as the coefficient of variation was 1.5% for the lumbar spine and 2.3% for the hip. 8 A trained technician performed the measurement of BMD.
Statistical Analysis. The all data are expressed as mean Ϯ SD.
Statistical significance was tested and accepted at the ␣ ϭ 0.05 level of probability. Differences in thoracic kyphosis, BES, and BMD between groups were determined with a one-way ANOVA F test and nonparametric Kruskal-Wallis test. Correlations between all evaluated variables were assessed with the Pearson's correlation coefficient. A MANOVA was performed with thoracic kyphosis as the dependent variable and BES and BMD as independent variables. All data were analyzed using STATISTICA 95.
Results
The distribution of variables in the patients with osteoporosis, with osteopenia, and those with normal BMD are shown in Table 1 . There was no statistically significant difference in thoracic kyphosis between any of the groups (P Ͼ 0.05). The BES ranged from 19 to 110 N (mean Ϯ SD, 47.4 Ϯ 14.97 N), and the BMD ranged from 45 to 126 g/cm 2 (mean Ϯ SD, 80.8 Ϯ 15.88 g/cm 2 ). Multivariate analyses of kyphosis as dependent variable and BES and BMD as independent variables showed that only BES significantly differentiated thoracic kyphosis (P ϭ 0.02). However, BMD did not significantly influence thoracic kyphosis; moreover, there was no significant interaction between BMD and BES ( Table 2 ). There was no correlation between BES and BMD when data were pooled (r ϭ 0.11; P Ͼ 0.05), but we found statistically significant lower BES value in the osteoporotic group compared with the osteopenic group (P Ͻ 0,05) ( Table 1) . However, when the groups were divided according to their BES, there was no significant difference in BMD (Table 3) .
When data were pooled, we identified no significant correlation between BES and thoracic kyphosis. Significant correlations were identified when groups were assessed separately. There was no significant correlation in the normal BMD group, but a significant correlation was seen in the osteopenic group (r ϭ Ϫ0.26, P Ͻ 0.05). A similar correlation was observed in the osteoporotic group (r ϭ Ϫ0.29, P Ͻ 0.05).
The importance of BES in maintaining posture was observed when the study population was divided according to their BES level. Mean values and differences between factors are illustrated in Table 3 . Among thoracic kyphosis, there was no statistical differences between Group 3 (strong) and Group 2 (moderate). But Group 1 (weak, BES less then 35 N) showed significantly higher mean values of thoracic kyphosis in comparison to Group 2 and Group 3 (P Ͻ 0.01) (Figure 1 ).
Discussion
The present study did not find a significant association between BMD and thoracic kyphosis. Based on these findings, we hypothesize that bone loss itself without changes in BES and in spine stability does not lead to increased thoracic kyphosis. This findings are in dis- Values are mean Ϯ SD. NS ϭ no statistically significant differences; BMD ϭ bone mineral density; BES ϭ back extensor strength. *Statistical significance between Group 1 (OP) and Group 2 (OST). †Statistical significance between Group 2 (OST) and Group 3 (normal BMD). ‡Statistical significance between Group 1 (OP) and Group 3 (normal BMD). agreement with those previously reporting significant associations between BMD and kyphosis. 6, 8, 29 Previous research has demonstrated that the development of postural deformity in osteoporosis may be influenced by vertebral fractures due to bone loss, 6, 8, 30 changes in the intervertebral disc, 31 and changes in spinal soft tissues. 6, 26 De Smet et al 5 demonstrated, in 87 women 35 to 95 years of age (mean, 62.4 years), a correlation of 0.55 between the number of vertebral deformities and kyphosis but noted that 17% of kyphotic women had no vertebral deformities. An index of vertebral wedge deformities explained only 48% of the variability in kyphosis among 265 women 62 to 90 years of age. 32 It was suggested that skeletal health depends not only on bone structure but also on strong supportive muscles. 6 Based on the results of our multivariate analyses, we support this opinion, that the deformities in osteoporotic spine may be more related to muscle weakness than to bone loss. The severity of thoracic kyphosis is probably influenced especially by changes in BES.
Previous studies have shown that BMD correlates well with BES in healthy postmenopausal women 33 and in patients with osteoporosis. 34 In our study, there was no significant correlation between BES and BMD when data were pooled, but a significantly lower (P Ͻ 0.05) BES value was observed in osteoporotic subjects in comparison with osteopenic subjects. The current results are in agreement with Sinaki et al, 25 where BES in osteoporotic women was significantly lower (controlled for age) than in normal women. This decrease in back strength was specific to the back and not part of a generalized muscle weakness because subject grip strength was comparable. This finding suggested that the discrepancy in back strength between normal and osteoporotic women probably develops because of pain and discomfort or lack of proper recruitment of back muscles. 6, 25 As was postulated previously, weak back strength might aggravate the kyphotic posture. [35] [36] [37] The results of our study appear to support these findings.
In our study, there was no correlation between BES and thoracic kyphosis in any cohort, but we found significant correlations when the groups were assessed separately according to their BMD level. The larger the kyphosis, the lower the back strength; moreover, this association tended to be stronger when BMD was lower.
The loss of axial muscle and the correlation with musculoskeletal changes have not been adequately reported in previous studies. However, based on previous research 6, 8, 24, 38 and on the present findings, we speculate that an increase in thoracic kyphosis is not only caused by bone loss, but postural deformities in osteoporosis are mainly associated with changes in spinal soft tissues, especially in the back muscles. When the groups were divided according to their BES, there was no significant difference in BMD. Moreover, there was no significant difference in thoracic kyphosis between strong and moderate groups, but a statistically significant higher value of thoracic kyphosis was observed in the weak group compare with both moderate and strong groups. The results indicate that, despite bone weakness, strong back muscles protect the spine and the osteoporotic deformities did not appear.
Many studies have indicated that the main supportive muscles of the spine are extensors. 6, 15 Therefore, back extensor strengthening exercises are highly recommended for the management of back pain related to osteoporosis and spinal deformities associated with bone loss. 25, 39, 40 Improvement of BES with extension exercises has become the preferred physiotherapeutic option for managing patients with osteopenia and osteoporosis as the relative risk of damaging the fragile spine is less than with flexion exercises.
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Conclusion
Based on our findings, we conclude that the severity of thoracic kyphosis may be influenced especially by changes in BES. We suggest that, as long as the back muscles are strong enough, the spinal deformities do not appear despite decreased BMD. Therefore, provision of strong, natural extrinsic support for the spine seems to be important to decrease the incidence of spinal deformities.
A longitudinal study of a larger group of women would be of great interest for clarifying whether the weakness of back extensors precedes and, indeed, contributes to deformities observed in the osteoporotic spine.
